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Abstract: To evaluate presumptive differences in osseointegration at implants installed in healed sites or
extraction sockets, supporting either crowns or bridges that were functionally loaded or left unloaded.
In six dogs, the mesial roots of the first mandibular molars were treated endodontically. Bilaterally,
the teeth were hemisected, and the distal roots extracted. First and second mandibular premolars were
extracted as well. After 3 months, the mandibular third and fourth distal roots were extracted after
endodontic treatment of the mesial roots. Four implants were installed bilaterally, two in the healed
sites corresponding to the second premolar and first molar regions, and two into the extraction sockets.
Cobalt-chrome single crowns were prepared and installed in the two most anterior implants, and bridges
at the two most posterior implants, bilaterally. A 3-unit bridge was applied to the premolars in the
upper jaw only at the loaded sites. All prostheses had a flat occlusal surface and contacts in centric
occlusion only at the loaded sites. Three months later, biopsies were retrieved for histological analysis.
Higher levels of osseointegration and bone density were observed at the unloaded sites, both at implants
installed in healed and post-extraction sites. However, only at implants installed in the post-extraction
sites and supporting single crowns, the difference in bone-to-Implant contact was statistically significant.
In implant installation immediately following extraction or delayed after three months, osseointegration
and bone density were not affected by occlusal contact schemes.
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Objective: to evaluate presumptive differences in osseointegration at implants installed in 
healed sites or extraction sockets, supporting either crowns or bridges that were functionally 
loaded or left unloaded. 
 
Material and Methods: In six dogs, the mesial roots of the first mandibular molars were 
treated endodontically. Bilaterally, the teeth were hemisected, and the distal roots extracted. 
First and second mandibular premolars were extracted as well. After three months, the 
mandibular third and fourth distal roots were extracted after endodontic treatment of the 
mesial roots. Four implants were installed bilaterally, two in the healed sites corresponding 
to the second premolar and first molar regions, and two into the extraction sockets. Cobalt-
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bridges at the two most posterior implants, bilaterally. A 3-unit bridge was applied to the 
premolars in the upper jaw only at the loaded sites. All prostheses had a flat occlusal surface 
and contacts in centric occlusion only at the loaded sites. Three months later, biopsies were 
retrieved for histological analysis. 
Results: Higher levels of osseointegration and bone density were observed at the unloaded 
sites, both at implants installed in healed and post-extraction sites. However, only at 
implants installed in the post-extraction sites and supporting single crowns, the difference in 
bone-to-Implant contact was statistically significant. 
Conclusions: In implant installation immediately following extraction or delayed after three 
months, osseointegration and bone density were not affected by occlusal contact schemes. 
 
Key words: Animal Experimentation, Immediate Implant Loading, Histology, Implant-
Supported Dental Prosthesis, Single-Tooth Implant, Dental Occlusion 
 
Background 
Occlusion and masticatory function were frequently discussed in recent years.1,2 It was 
shown that the dogs bite, pull, grab, and tear food using the anterior teeth in a centric 
occlusion, while they triturate and chew the food in the molar region, using both centric and 
lateral occlusion.  
In a recently published paper, immediate and delayed load was studied in dogs.2 Two 
crowns supported by single implants in the premolar region, and a crown supported by two 
implants in the molar region were incorporated in both sides of the mandible within 48 hours, 
allowing immediate loading in one side of the mandible, and a delayed load in the opposite 
side. One implant was used as a non-loaded control. All crowns were manufactured trying to 
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Occlusal contacts were allowed bilaterally in centric occlusion at both natural and restored 
molars, and simultaneously at canines and incisors while, in lateral excursions, contacts 
were allowed between the lower first restored molar and fourth maxillary premolar 
(carnassial tooth). No contacts were allowed between the crowns in the premolar regions, 
similarly to the natural dentition. Despite the absence of premature contacts on the crowns in 
the molar regions, and the absence of occlusal contacts in the premolar regions, a higher 
rate of osseointegration and bone density were found at the loaded compared to the 
unloaded sites. Moreover, higher values of both parameters were found at the delayed 
loaded implants compared to the immediate loaded implants. This study showed an effect on 
osseointegration maintaining a functional load. However, analyzing a series of articles in 
which load was applied to implants in dogs, it appeared that only the centric occlusion was 
taken into consideration, and the reconstructions supported by implants installed in the 
mandible were placed carefully in contact with the prosthesis/ teeth of the upper jaw. 
However, no assessments of the occlusal contact of incisors and molars in centric occlusion 
and of the lateral movements were reported for both implants installed in healed3-5 or into 
extraction sockets.6-10 This, in turn, means that an excessive load on the implants supporting 
the prosthetic appliance cannot be excluded. 
Based on these observations, it may be important to describe the osseointegration at 
implants installed in healed and post-extraction sites supporting fixed prostheses when the 
load is distributed also to the natural residual dentition. 
Hence, the aim of the present experiment was to evaluate presumptive differences in 
osseointegration at implants installed in healed sites and extraction sockets supporting either 
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Material and methods 
The research protocol was submitted to and approved by the Ethical Committee of the 
University of Medical Sciences, School of Dentistry, La Habana, Cuba (protocol No. 
04/2009, approved on May 20, 2009). The present study followed the ARRIVE checklist for 
Animal Research: Reporting In Vivo Experiments (https://www.nc3rs.org.uk/arrive-
guidelines) and the principles of the 3Rs (Replacement, Reduction and Refinement) were 
applied. 
Experimental animals 
Six Beagle dogs of about 10.5 Kg of weight and about one year old were used. The dogs 
were provided by the CENPALAB (Centro Nacional para la Producción de Animales de 
Laboratorio) and maintained in kennels at the University of Medical Sciences of La Habana, 
Cuba. The animals were feed of food for dogs. Free access to water was always allowed.  
Clinical procedures 
A scheme of the protocol and the timeline are described in Figure 1. Before each surgery, 
atropine 0.02 mg/kg (Mayne Pharma, Napoli, Italia), metedomidine 0.04 mg/kg (Medetor® 
,Virbac, Glattbrugg, Switzerland) and ketamine-50 5 mg/kg (Liorad, La Habana, Cuba) were 
provided. The anesthesia was maintained with 2.5% Isoflurane-Vet® (Merial, Merial Tolosa, 
France). Local anesthesia was injected in the regions of the experiment. During the surgery, 
tramadol® 2 mg/Kg (Altadol®, Formevet, Milan, Italy) and amoxicillin® 10 mg/Kg 
(Convenia®, Pfizer, U.S.A.) were also administered. 
Surgical and endodontic session 
At the first surgery (Figure 2A), the mesial root of the first mandibular molars were 
endodontically treated bilaterally using an Endopocket® device with Mtwo® inserts (Sweden 
& Martina, Due Carrare, Padua, Italy). Epfill® was also used to seal the canal with gutta-
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hemisected, and the distal roots extracted in both sides of the mandible together the first and 
second mandibular premolars. After 3 months of healing, similar endo-treatments were also 
performed to the mesial roots of P3 and P4, bilaterally. Full thickness flaps were elevated 
from the first premolar to the first molar regions, bilaterally, and the third and fourth 
premolars were hemisected and the distal roots extracted. 
Recipient sites were prepared inside the distal alveoli of 3P3 and 4P4 and in the edentulous 
healed regions of 2P2 and 1M1 (area of the distal root). Four implants, 7 mm long and 3.3 
mm in diameter (Premium, Sweden & Martina, Due Carrare, PD, Italy), were installed in 
each side of the mandible in the healed sites of 2P2 and 1M1 as well as in the distal 
extraction sockets of 3P3 and 4P4. The coronal margin of the rough surface was placed at 
the level of the buccal bone crest. All implants had a ZirTi® surface and a polished neck of 
0.3 mm of height. The final insertion torque was measured and, immediately after the 
installation, RFA values were obtained using the Osstell® Mentor (Osstell, Gothenburg, 
Sweden). 
The residual mesial part of the crown of the molars were reduced in height just above the 
mucosal margin not to interfere with the prosthetic reconstruction. Transfers were applied on 
the implants (Figure 2B) and a single-phase impression was taken using polyvinyl siloxane 
(Sky light and Sky medium, Sweden & Martina, Due Carrare, PD, Italy). Healing abutments 
were affixed temporarily and the flaps sutured around the healing abutments with resorbable 
sutures (Vicryl 4–0; Johnson & Johnson, Medical S.p.A., Pomezia, Roma). Subsequently, in 
the same session, maxillary second, third and fourth premolars were prepared only at the 
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Prosthetic session 
The implants installed in the regions of the second and third premolars were used for single 
crowns rehabilitation only at the loaded sites. In contrast, the two distal implants placed in 
the alveoli of the fourth premolars, and in the healed region of the first molars were used for 
bridge reconstructions, bilaterally. 
Within 48 hours, for the implant sites, single crowns and bridges made of cobalt-chrome 
were manufactured and prepared with flat occlusal surfaces. The single crowns were 
screwed to the implants in the region of the second and third premolars of the loaded sites 
(Figure 2C), while healing abutments were kept in the premolars of the unloaded site. The 
two-unit bridges were screwed to the implants located in the regions of 4P4 and 1M1, 
bilaterally. For the maxillary sites, 3-unit units bridges made also of cobalt-chrome were 
manufactured and prepared with flat occlusal surfaces and fixed with a glass ionomer 
cement (Fuji I, GC Corporation, Tokyo, Japan) at the loaded sites (Figure 2C). Using 
articulating papers (200 micron, Baush, Nashua, NH, U.S.A.), the centric occlusion contacts 
and the contacts in the lateral movements were checked at the prosthetic reconstructions of 
the loaded sites both in the premolar and molar regions, as well as at the incisors groups 
and, bilaterally, at the second molars. At the control (non-loaded) sites, occlusal contacts 
were eliminated by grinding the occlusal surface of the prostheses (Figure 2D), while the 
abutments placed on the premolars at the unloaded sites showed no contact at all. 
Maintenance 
Antibiotics (Amoxicillin® 20 mg/Kg per diem; Convenia®, Pfizer, U.S.A.) and analgesics 
(Tramadol 2mg/kg per diem; Altadol®, Formevet, Milan, Italy) were administered for 5 days 
after each surgery. The wounds were inspected daily during the first week of healing to 
identify possible complications and to clean the regions of the experiment. During the 
following periods of healing, inspections and cleaning were performed twice a week. The 













This article is protected by copyright. All rights reserved. 
The animals were euthanized 3 months after the loading using sodium heparin 1.000 IU, 
atropine 0.02 mg/Kg, 1mg/kg of xylazine (Rompun®, Kiel, Germany), 5 mg/kg of ketamine 
(Liorad, La Habana, Cuba), and 25 mEq of potassium chloride i.v. (Aica, La Habana, Cuba) 
to arrest the heart. A perfusion with 4% formaldehyde solution was performed through the 
carotid arteries. 
Histological preparation 
Each block containing one implant was first dehydrated in a series of graded ethanols and 
then embedded into resin (Technovit® 7200 VLC, Kulzer, Friedrichsdorf, Germany). Each 
implant inside the block was identified and cut in a buccal-lingual direction following its long 
axis using a band saw mounted in a precision slicing machine (Exakt®, Apparatebau, 
Norderstedt, Germany). One central section was reduced to a thickness of about 50-60µm 
using a cutting–grinding machine (Exakt®, Apparatebau, Norderstedt, Germany) and stained 
with Stevenel’s blue and alizarin red. 
Histological evaluations 
Histological evaluations were performed using an Eclipse Ci microscope (Nikon Corporation, 
Tokyo, Japan) and a digital video camera (Digital Sight DS-2Mv, Nikon Corporation, Tokyo, 
Japan) connected to a computer. Measurements were carried out with the software NIS-
Elements D 4.10 (Laboratory Imaging, Nikon Corporation, Tokyo, Japan). 
The following landmarks were defined (Figure 3): IS, implant shoulder; M, coronal margin of 
the rough surface; C, top of the bone crest; B, most coronal contact of the bone to the 
implant; T, standardized limit between the cortical and marrow compartments. The distance 
between IS and C (IS-C) and IS and B (IS-B) were evaluated at x100 magnification. The 
distances M-C and M-B were obtained subtracting the height of the neck (0.8 mm) from IS-C 
and IS-B, respectively. The percentages of mineralized bone (bone-to-implant contact; 
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bone density at a magnification of x200 were measured both in the cortical and marrow 
regions. The cortical region was conventionally included between the most coronal contact 
of the bone to the implant surface and the initial part of the first threads. The marrow region 
conventionally included all threads and excluded the apex of the implant. To perform the 
morphometric analysis, a lattice with squares of 50 µm in dimensions was superposed over 
the tissues at a magnification of x200 (Schroeder & Münzel-Pedrazzoli 1973). An area of 
about 0.4 mm aside the implant was evaluated. 
Randomization and data analysis 
The assignment for immediately loaded and unloaded treatment to the left or right sides of 
the mandible was randomized (www.randomization.com) by a subject not involved in the 
surgery (DB). All surgical and prosthetic procedures were performed by an expert operator 
(PV). The treatments were revealed by DB to PV after the positioning of the implants. The 
histological measurements were performed by a subject (GC) that was not informed about 
the allocation on the histological slides.  The intra-class correlation coefficient was >0.9 for 
the histological assessments. Six animals represented each period of healing (n=6). The 
primary outcome variable was total mineralized MBIC% and bone density% and mean 
values, standard deviations and confidence intervals were calculated. The peri-implant hard 
tissues dimensions (M-B and M-C) were used as secondary variables. Mean values and 
standard deviations were calculated for the other outcome variables. 
Differences between immediately loaded (test) and unloaded (control) sites were analyzed 
with a IBM SPSS Statistics software (IBM Inc., Chicago, IL, USA) using a Wilcoxon signed 
rank test. The level of significance was set at =0.05. As an exploratory aim, differences 
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Results 
Clinical evaluation 
The final insertion torque was ≥ 35 Ncm at all implants both at the healed and 
extraction sockets sites. The RFA values measured at P2, P3, P4 and M1 sites were 
69.6±5.5, 65±3.7, 57.6±10.7, 68.4±6.8 ISQ in the loaded group, and 70.8±5.1, 
61.6±5.7, 53.8±12.6, 68.6±6.6 ISQ in the unloaded group, respectively. No 
statistically significant differences were found between loaded and unloaded sites. At 
the clinical evaluations, no apparent occlusal changes were observed and no 
complications were found. 
Histological evaluations 
All implants were available for the histological assessments (Figures 4A-D, 5A-D). Mean 
values and standard deviations of primary and secondary outcomes are reported in Tables 
1, 2, and 3. The 95% confidence interval (CI) of the difference of means was calculated for 
primary variables and are reported in Table 4. 
Single crowns 
At the healed sites, Tot-MBIC% was 70.4±8.1% at the loaded implants and 73.1±9.8% at the 
unloaded implants. The total mineralized bone density percentage (Tot-Density %) was 
76.8±10.8% and 77.2±9.4 %, respectively (Table 1). 
At the post-extraction sites of the single crown group, the Tot-MBIC% was 72.9±6.5% at the 
loaded implants and 80.1±8.7% at the unloaded implants. The Tot-Density was 76.2±8.9% 
and 76.6±6.1%, respectively (Table 1). Only the Tot-MBIC% at the post-extraction sites 
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The mean distances M-C ranged between about 0.6-0.7 mm in both groups while M-B 
ranged between 0.7-1.2 mm (Table 2). No statistically significant differences were found for 
M-C and M-B values between loaded and unloaded sites. 
2-unit bridges 
The Tot-MBIC% at the healed sites was 65.0±16.3% and 73.0±6.4% at the loaded and 
unloaded implants, respectively. The Tot-Density% was 78.6±12.4% at the loaded sites and 
83.0±7.2% at the unloaded sites (Table 3). 
The Tot-MBIC% at the post-extraction sites was 65.9±23.7% and 72.4±11.7% at the loaded 
and unloaded implants, respectively. The Tot-Density% was 75.9±7.2% and 76.9±9.2%, 
respectively. None of the differences was statistically significant (Table 3). 
The mean distances M-C ranged between 0.3-1.0 mm in both groups while M-B ranged 
between 0.9-1.4 mm (Table 2). No statistically significant differences were found for M-C and 
M-B values between loaded and unloaded sites. 
 
Discussion 
The aim of the present experiment was to evaluate presumptive differences in 
osseointegration at implants installed in healed sites and extraction sockets supporting 
crowns and bridges either functionally loaded or left unloaded. 
The physiologic chewing in the dogs includes two movements, a vertical and a lateral, 
instead of the four movements performed by humans.1,2 It seems unlikely to reproduce 
correctly in dogs a load applied to the chewing elements in humans. Until now, most of the 
studies focused on occlusal contacts of flat surfaces in centric occlusion. In the present 
study, prosthetic reconstructions with flat surfaces have been applied in both the maxilla and 
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reconstructions with flat occlusal surfaces were used only on the implants in the mandible 
while in the maxilla no modifications were performed to the natural teeth. In these unloaded 
sites of the mandible, the occlusal surfaces of the prosthesis was reduced to eliminate any 
possible contacts with the opposing jaw. However, the reproduction of chewing with flat 
surfaces does not correspond to the physiologic function in the dog,1,2 and may affect the 
chewing efficacy. In the unloaded sites, no adjustments were made to the teeth of the 
maxilla. It may be speculated that this may have contributed to provide a higher degree of 
chewing efficacy possibly leading to a heavier use of this side of the mouth compared to the 
contralateral side. 
Positive effects of functional load on osseointegration have been reported in several clinical 
studies.11-13 However, in another clinical study involving 13 volunteers,14 no statistically 
significant differences could be found between loaded and unloaded sites after either 1 or 3 
months. 
In a recent experiment,15 three implants were installed in the premolar region on both sides 
of the mandible either with SLA® or with SLActive® moderately rough surfaces. One implant 
served as a positive control and was loaded in a proper stable occlusal scheme, while one 
implant was not loaded at all and served as a negative control. The test implant was 
subjected to severe excessive load by constructing premature contacts on a cantilever. No 
significant differences were detected between baseline and 24-weeks or between groups for 
all clinical parameters. Likewise, linear radiographic measurements yielded similar results for 
SLA® and SLActive® implants. SLA® excessively loaded implants yielded a statistically 
significant gain on peri-implant bone density over all other groups (p = 0.012). The 
radiographic results were confirmed by histological analysis. It was concluded that excessive 
occlusal load applied to implants (SLA® or SLActive®) restored with cantilevers did not 
cause loss of osseointegration or significant changes in their clinical outcomes. However, an 
early excessive occlusal load (premature contacts) on SLA® implants promoted a gain in 
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The present experimental study also showed some contradictory results when compared to 
for instance a dog experiment.3 In that study, three months after the extraction of all 
mandibular premolars, four implants of two different systems were installed on each side of 
the mandible. After three months, prostheses with flat occlusal surfaces contacts in centric 
occlusion were constructed for the three distal implants in the mandible and for the maxillary 
canine/ premolars, bilaterally. The most mesially located implant was left unloaded and 
served as control in both sides of the mandible. After 10 months of function, higher levels of 
bone-to-implant contact were obtained at the loaded sites compared to the control sites. 
However, no statistical significant differences in bone density were obtained between test 
and control sites. 
In another experiment in dogs,5 all premolars and first molars were extracted, bilaterally. 
After four months, two implants were installed bilaterally and the second and third maxillary 
premolars were prepared for prostheses only at the loaded sites. Within 24 hours, single 
crowns were applied to the implants at the loaded sites and a two-unit bridge was cemented 
to the premolars in the opposing maxillary jaw. Occlusal contacts in centric occlusion were 
revealed. At the contralateral sides of the mandible, only healing abutments were installed 
avoiding direct occlusal contacts with the teeth of the opposing maxillary sites. 
Osseointegration and bone density were found to a higher degree at the immediately loaded 
compared to the unloaded sites. In the light of the results reported in other studies,1,2 the 
masticatory function may have favored the chewing at the loaded implants maybe due to 
premature contacts at these sites. 
Overload may affect osseointegration or bone density around implants, as well as the 
survival rate of implants, as reported in various studies in which premature contacts were 
incorporated in the prosthesis.16-19 In a study in monkeys,16 premature contacts were 
produced on teeth and implants. While the teeth intruded over time, the implants could bear 
the load by a thickening and a remodeling of the bone surrounding the implants. In another 
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placed in function for 1 to 4 weeks. No bone loss was observed for the excessive load. In 
another study in monkeys,18 an overload prolonged over time resulted in a loss of 5 out of 8 
implants after 4.5 to 15.5 months of function. It has to be realized that those implants that 
were lost were installed in very loosely trabecular bone (Type IV) and hence, it is likely that 
the osseointegration was broken by the heavy occlusal forces. In an experimental study in 
dogs, mandibular premolars and molars were extracted and, after 3 months, four implants 
were installed each side of the mandible.19 After 6 months of healing, single crowns were 
incorporated onto the implants in one side of the mandible, while the contralateral side was 
left unloaded. The crowns presented at least 3 mm of hyper-contact so that neither the 
abutments at the control sites nor the frontal teeth had any occlusal contact in centric 
occlusion. No molars were left in the mandible to support the occlusion. After 8 months, no 
differences in bone density were seen between loaded and unloaded implant sites. It can be 
argued that dogs rarely close the mouth in centric occlusion, not even during deglutition.1 
Moreover, dogs chew and triturate food in the molar region, using both centric and lateral 
occlusion. It may be argued if dogs were able to use such long crowns to chew and so to 
really apply an overload. 
Conflicting results on the outcomes of overload in dogs have been confirmed in a review in 
which it was however concluded that an overload might lead to an increase in bone 
density.20 
In the present study, when the total bone was considered, no major differences were seen in 
osseointegration or bone density between implants installed in healed or post-extraction 
sites. These outcomes are in agreement with other experimental studies that evaluated the 
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An important limitation of the present study is that the human occlusion and function cannot 
be realistically reproduced in dogs because in dogs only two movements, a vertical and a 
lateral, are allowed while the humans use four movements. Important differences are also 
related to tooth shape and deglutition. The low number of animals used may also represent 
a limit. 
In conclusion, in implant installation immediately following tooth extraction or delayed after 
three months, osseointegration and bone density were not affected by occlusal contact 
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Legends 
Figure 1. Drawing representing scheme and timeline of the protocol applied. 
Figure 2. (A) Occlusion in centric occlusion before surgery. Note the intercuspal 
distance among premolars of the upper and lower jaws. (B) Transfers applied to the 
unloaded implants in the fourth premolar and first molar regions. Healing abutments 
applied at implants in the second and third premolar regions. (C) Loaded sites. 
Bridge and crowns attached to the implants in the first molar/ fourth premolar regions 
and in the second/ third premolar regions, respectively. Contacts in centric occlusion 
were obtained with the bridge cemented to the maxillary premolars. (D) Unloaded 
site. No contacts between the bridge and the teeth of the opposing jaw were allowed. 
Figure 3. Image illustrating the landmarks used for histological measurements. (IS) 
implant shoulder; (M) coronal margin of the rough surface; (C) top of the bone crest; 
(B) most coronal contact of the bone to the implant; (T) standardized limit between 
the cortical and marrow compartments. 
Figure 4. Ground sections representing the healing of implants supporting single 
crowns. (A) Healed loaded site; (B) healed unloaded site; (C) post-extraction loaded 
site; (D) post-extraction unloaded site. The photomicrographs were original grabbed 
at x20 magnification. Stevenel’s blue and alizarin red stain. 
Figure 5. Ground sections representing the healing of implants supporting Bridges. 
(A) Healed loaded site; (B) healed unloaded site; (C) post-extraction loaded site; (D) 
post-extraction unloaded site. The photomicrographs were original grabbed at x20 
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